High mobility group protein B1 is a predictor of poor survival in ovarian cancer by Machado, Lee et al.
This work has been submitted to NECTAR, the Northampton Electronic Collection
of Theses and Research.
Article
Title: High mobility group protein B1 is a predictor of poor survival in ovarian cancer
Creators: Machado, L., Moseley, P. M., Moss, R., Deen, S., Nolan, C., Spendlove, I.
and Ramage, J.
DOI: 10.18632/oncotarget.20538
Example citation: Machado, L., Moseley, P. M., Moss, R., Deen, S., Nolan, C.,
Spendlove, I. and Ramage, J. (2017) High mobility group protein B1 is a predictor of
poor survival in ovarian cancer. Oncotarget. 8(60), pp. 101215-101223. 1949-2553.
It is advisable to refer to the publisher's version if you intend to cite from this work.
Version: Published version
Official URL: https://doi.org/10.18632/oncotarget.20538
Note:
 
This work is licensed under a Creative Commons Attribution 3.0 Unported License.
http://nectar.northampton.ac.uk/9738/
NEC
TAR
Oncotarget101215www.impactjournals.com/oncotarget
High mobility group protein B1 is a predictor of poor survival in 
ovarian cancer
Lee R. Machado1,5,6,**, Paul M. Moseley4,**, Robert Moss2, Suha Deen3, Christopher 
Nolan2, Ian Spendlove2, Judith M. Ramage2,*, Stephen YT. Chan4,* and Lindy G. 
Durrant2,*
1Faculty of Health and Society, University of Northampton, Boughton Green Road, Northampton, NN2 7AL, United Kingdom
2Academic Department of Clinical Oncology, Division of Cancer and Stem cells, City Hospital Campus, University of 
Nottingham, Nottingham NG5 1PB, UK
3Department of Histopathology, Nottingham University Hospitals NHS Trust, Queen's Medical Centre Campus Division of 
Clinical Pathology Division of Clinical Oncology, School of Molecular Medical Sciences, University of Nottingham, City Hospital 
Campus, Nottingham NG5 1PB, UK
4Clinical Oncology Department, Nottingham University Hospitals, Nottingham NG5 1PB, UK
5Department of Genetics, University of Leicester, Leicester, LE1 7RH, UK
6Faculty of Science, Technology, Engineering & Mathematics, The Open University, Milton Keynes, MK7 6AA, UK
*Share senior authorship
**Share first authorship
Correspondence to: Lee R. Machado, email: lee.machado@northampton.ac.uk
Keywords: HMGB1; autophagy; ovarian cancer; prognostic; DAMP
Received: January 06, 2017    Accepted: August 07, 2017    Published: August 24, 2017
Copyright: Machado et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License 
3.0 (CC BY 3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and 
source are credited.
ABSTRACT
High-mobility group protein B1 (HMGB1) has been implicated in numerous tumour 
types where expression regulates tumour cell growth and survival. We hypothesised 
that high HMGB1 expression in ovarian tumours would predict poor patient survival.
Using tissue microarrays of primary ovarian cancers combined with a 
comprehensive database of clinicopathological variables, the expression of HMGB1 
was assessed by immunohistochemistry in two independent cohorts (n=194 and 
n=360) using a monoclonal antibody specific for HMGB1.
Kaplan-Meier analysis showed an association of HMGB1 expression with 
progression free survival in the primary cohort (p=0.023). In the validation cohort, 
expression was associated with overall survival (p=0.002). Low expression of HMGB1 
was protective and in a multivariate model HMGB1 expression was shown to be an 
independent predictor of poor survival in ovarian cancer (p=0.006).
The role of HMGB1 in cancer is complex. As high levels of HMGB1 expression are 
likely to render ovarian cancer cells resistant to chemotherapy, therapies targeting 
the HMGB1 axis may be appropriate in the treatment of ovarian cancer patients.
INTRODUCTION
Ovarian cancer is the 5th most common cancer and the 
4th most common cause of female cancer deaths in the UK 
with a European age standardised incidence of approximately 
17 cases/100,000 women. Whilst survival from ovarian 
cancer has almost doubled over the last 30 years, the 5 year 
survival rate is still relatively poor at less than 50%. The 
incidence and mortality rate in women over the age of 65 
is notably higher (survival rate less than 30%) with patients 
typically presenting with Stage III/IV metastatic disease [1]. 
However, if detected at the earliest stages of development, 
90% of patients will survive. Therefore, it is vital that novel 
independent prognostic markers are identified in order to 
improve our understanding of ovarian cancer biology and 
the management of these patients.
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High-mobility group protein B1 (HMGB1) has 
recently been implicated in a number of human cancers 
including colon, gastric, lung, and liver (reviewed extensively 
in [2]. The role of HMGB1 (a chromatin binding protein) in 
processes relevant to cancer cell survival include autophagy 
[3, 4], genome stability [5], angiogenesis [6] and invasion 
and metastasis [7].
HMGB1 contains a long highly acidic C-terminal 
tail and two HMG box (A box and B box) domains 
which mediate DNA binding in a non-sequence specific 
manner [8]. It is the most ubiquitously expressed of the 
HMG family members and is able to translocate between 
the nucleus and cytoplasm [9]. HMGB1 has a complex 
range of functions depending in part on its subcellular and 
extracellular localisation, redox state, and interaction with 
cell surface receptors and transcription factors. Within 
the nucleus HMGB1 binds chromatin and is involved in 
DNA repair, replication, recombination, transcription and 
genomic instability. HMGB1 expression can regulate the 
mitochondrial bioenergetics of cancer cells by enhancing 
complex I activity, ATP production and subsequent 
proliferation and migration of tumour cells [10].
Of recent interest is the role of HMGB1 as a 
positive regulator of autophagy in cancer [11]. Autophagy 
is the process of maintaining cellular homeostasis under 
conditions of stress (i.e. hypoxia and increased genome 
instability) with the removal of unwanted/damaged 
cytosolic organelle contents into double membrane 
structures called autophagosomes. In cancer cells, stress 
induced autophagy acts in a cyto-protective manner 
preventing a shift to apoptotic cell death. During cellular 
stress HMGB1 translocates to the cytosol and binds 
beclin 1 which subsequently induces the formation of 
autophagosomes [12]. p53 is a known negative regulator 
of autophagy and is frequently mutated in ovarian cancer 
(with near universal mutation in the high grade serous 
subtype). Deficiency in p53 causes increased expression 
of cytosolic HMGB1 and enhanced autophagic flux [13].
The prognostic value of HMGB1 in ovarian cancer 
remains unclear. There is an important need to understand 
the context-dependent role of HMGB1 as either an anti- 
or pro-tumorigenic protein in ovarian cancer. To achieve 
this, the expression and prognostic value of HMGB1 was 
examined using ovarian cancer tissue microarrays from 
two independent cohorts. Both cohorts were analysed to 
determine the effect on survival and the utility of HMGB1 
as an independent prognostic marker.
RESULTS
HMGB1 protein expression is associated with 
progression free and overall survival in ovarian 
cancer cohorts
To determine whether the HMGB1 expression was 
associated with patient survival, we stained a primary 
(Nottingham) cohort comprised of 194 ovarian cancer cases 
using immunohistochemistry with a rabbit monoclonal 
antibody specific for endogenous HMGB1. The monoclonal 
antibody detected endogenous nuclear and cytoplasmic 
staining for HMGB1 (Figure 1). Of the 162 evaluable 
ovarian tumours stained, 35/162 (22%) had weak/absent 
staining and 127/162 (78%) had positive staining (cut point 
H-score >42 represented positive expression). Kaplan-
Meier survival analysis demonstrated that there was a 
statistically significant difference between patients that had 
high or low/absent expressing tumours and progression free 
survival (log rank test, p=0.023). There was also a trend 
with overall survival but it failed to reach significance in 
this primary cohort (p=0.077) (Figure 2).
This finding was expanded on in a validation cohort 
of 360 ovarian cancer cases with extensive clinical data. 
Of the 321 evaluable ovarian tumours stained with the 
HMGB1 specific monoclonal antibody, 43/321 (13%) 
had weak/absent staining and 278/321 (87%) had positive 
staining having dichotomised cases into high or low/
absent expressing groups. Kaplan-Meier survival analysis 
demonstrated an association with HMGB1 levels and 
overall survival for the validation cohort (log-rank test, 
p=0.002) (Figure 2). Weak/absent expression of HMGB1 
expression gave an almost 2 fold increase in survival 
time from 56 months to 104 months (Table 1). HMGB1 
expressing tumours resulted in a poor overall survival 
outcome.
HMGB1 expression is associated with tumour 
stage, histology, and the administration of 
adjuvant chemotherapy
Univariate analysis was performed on the validation 
cohort to determine whether HMGB1 expression was 
associated with standard clinicopathological variables 
(Table 2). Pearson’s χ2 or Fisher’s exact tests demonstrated 
that HMGB1 expression was associated with tumour stage 
(p=0.050), histological type (p<0.001) and the addition of 
adjuvant chemotherapy (p=0.002).
HMGB1 represents an independent prognostic 
marker in ovarian cancer
To determine whether HMGB1 represented an 
independent prognostic marker, Cox regression was 
performed (Table 3). HMGB1 was still associated with 
survival when stage, histology and adjuvant therapy 
were included as potentially confounding factors in a 
multivariate Cox regression (with individual Kaplan-Meier 
statistics of p<0.001, p<0.001 and p<0.033 respectively). 
In this multivariate model the histological tumour type 
(p=0.467) was no longer significant. However, HMGB1 
remained an independent prognostic factor (p=0.006, 
HR=1.921). In addition FIGO stage (p<0.001) and 
response to chemotherapy (p<0.001) also remained 
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independent predictors of patient survival suggesting that 
HMGB1 may be a useful independent prognostic marker 
in ovarian cancer.
DISCUSSION
To our knowledge this work represents the first 
large scale tissue microarray analysis of HMGB1 protein 
expression in multiple subtypes of ovarian cancer with 
replication in an independent second cohort. Our results 
indicate that high expression of HMGB1 is deleterious in 
ovarian cancer reducing the overall mean survival time 
(from 104 months in low/absent expressing tumours 
to 56 months in high expressing tumours). The role of 
HMGB1 in cancer is complex and is likely to be tumour 
cell specific as well as contingent on the redox state of 
HMGB1, its subcellular localisation and the expression 
of corresponding ligands/binding partners (reviewed in 
Kang et al, 2013). In our study, there was a trend towards 
HMGB1 expression being associated with overall survival 
in the primary cohort. However, HMGB1 expression was 
associated with progression free survival in the primary 
cohort. Indeed, our data support the results of a recent 
small scale study of ovarian cancer patients (n=74 patients) 
which confirmed that high HMGB1 tissue expression 
correlated with progression free survival [14]. We extend 
these observations by demonstrating that HMGB1 was 
associated with overall survival in our validation cohort.
The mechanism by which HMGB1 expression is 
deleterious for ovarian cancer patients is currently unclear. 
HMGB1 may play a role in the bioenergetic output of 
the tumour. Recent data in pancreatic cell lines suggests 
HMGB1 (in combination with one of its receptors RAGE) 
may regulate mitochondrial complex I activity, and 
Figure 1: Representative photomicrographs of ovarian TMA cores immunohistochemically stained for HMGB1 from 
Nottingham cohort (cut point >42).  The level of expression ranged from (A) Negative (H-score 0), (B) Weak (H-score 14), (C) 
Intermediate (H-score 167) and (D) Strong expression (H-score 213).
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Figure 2: Kaplan Meier curves showing overall survival in (A) the Derby cohort and (B) overall survival and (C) progression free survival 
in ovarian cancer patients in the Nottingham cohort.
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subsequent ATP production, with a resulting increase in 
cellular proliferation and migration [10]. However, to date 
no studies have explored how HMGB1 may regulate the 
bioenergetics of ovarian cancer cells and this will be a 
fruitful area for further investigation.
HMGB1 may play an important role in shifting 
the balance from apoptosis to autophagy. HMGB1 and 
wild type p53 regulate the expression of each other [15, 
16]. Furthermore HMGB1 has been reported to form a 
complex with wild type p53 regulating the balance between 
apoptosis and autophagy [13]. In p53 deficient HCT116 
cells cytosolic expression of HMGB1 is increased inducing 
autophagy. Therefore, HMGB1 promotes autophagy in the 
setting of diminished wild type p53. Although beyond the 
scope of this study, it will be important to determine whether 
expression of HMGB1 in ovarian cancer is associated with 
other markers of autophagy including LC3B and Beclin-1.
Our work has some limitations as we were unable to 
determine the relative proportions of HMGB1 in different 
subcellular compartments. Furthermore, our antibody 
reagent does not discriminate (to our knowledge) the 
different redox states of HMGB1 or acetylation status of 
HMGB1, all of which are known to influence HMGB1 
function [17, 18].
Our finding that HMGB1 expression levels in the 
validation cohort were associated with the administration 
of adjuvant chemotherapy and both remain independent 
prognostic markers after multivariate analysis is an 
interesting finding and has implications for therapy. 
Whilst our data indicates an association between HMGB1 
and administration of therapy, individual Kaplein-Meier 
statistics for the addition of chemotherapy indicate that 
in this cohort patients who received no chemotherapy had 
a better survival outcome than those that did (p=0.033 
data not shown). The reasons for this are unclear but may 
reflect the proportion of patients given chemotherapy 
between 1984 and 1997, with patients with a worse 
prognosis receiving this treatment. Patient numbers 
were insufficient for survival analysis grouping patients 
based on both chemotherapy and HMGB1 co-status. 
Nevertheless, our data indicates that HMGB1 is associated 
with poor prognosis in two cohorts spaced 10 years apart 
with different proportions treated with chemotherapy.
Previous in vitro experiments assessing 
chemosensitivity of ovarian cancer cells lines (to 
cisplatin) have shown that they are dependent on the 
BTP/POZ transcription family member NAC1 which 
induces autophagy [19]. Under stress (i.e. that induced by 
cytotoxic agents) NAC1 increases expression and cytosolic 
translocation of HMGB1. More cytosolic HMGB1 is then 
available to bind beclin-1 (and displace it from Bcl-2) 
and subsequently induce autophagy. NAC-1 knockdown 
Table 1: Mean survival time in relation to HMGB1 expression
Expression
Mean survival time (months) in relation to HMGB-1 expression
Estimate (months) 95% confidence interval
Lower bound Upper bound P-value
Low 104.2 73.2 135.1
0.002High 55.7 45.4 65.9
Overall 63.7 53.2 74.1
Table 2: Univariate analysis of HMGB1 expression in association with standard clinicopathological variables and 
autophagy regulators using the χ2-or Fisher’s Exact test
Variable χ2-test (P-value)
HMGB1
SEER age 0.186*
Tumour FIGO stage 0.050*
Tumour grade 0.646*
Macroscopic residual disease 0.085
Adjuvant therapy 0.005*
Histological type <0.001
Abbreviation: FIGO=International Federation of Gynecology and Obstetrics
*Fishers exact test P-values <0.05 are accepted to be significant.
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experiments in ovarian cancer cell lines treated with 
cisplatin resulted in a reduction of cisplatin/HMGB1 
induced autophagy and an increase in cytotoxicity of 
ovarian cancer cells. Therefore, HMGB1 protects ovarian 
cancer cells from chemotherapy induced apoptosis by 
shifting the balance from apoptosis to autophagy [20].
Our work using two independent cohorts of ovarian 
cancer patients demonstrates that HMGB1 may represent 
an independent marker of poor prognosis. Supporting a role 
for HMGB1 as an independent prognostic marker, a study 
of HMGB1 serum levels in 105 ovarian carcinoma patients 
demonstrated that increased levels of HMGB1 were found 
in patients with more advanced stage disease and were at 
higher levels in cancer patients compared with healthy 
controls [21]. Therefore, future functional studies should 
determine the mechanism of HMGB1 function in ovarian 
cancer. If this can be determined, then strategies designed 
to modulate the HMGB1 pathway may provide a rational 
approach in the therapeutic targeting of ovarian cancer.
MATERIALS AND METHODS
Patient samples
This is a retrospective validation study with patients 
comprehensively staged according to the International 
Federation of Obstetricians and Gynecologists (FIGO) 
staging system for ovarian cancer. Full pathology review has 
been performed to current standards. Clinical details of both 
the Nottingham (primary cohort) (n=194) [22] and Derby 
(validation cohort) (n=360) [23] cohorts have been previously 
described (Supplementary Tables 1 and 2). This work was 
approved by the Derby Royal Hospital Ethics Committee and 
Nottingham Research Ethics Committee. In the compilation 
Table 3: Multivariate analysis for overall cancer specific survival in 309 consecutive patients with epithelial ovarian 
cancer
Exp(B) 95% CI for Exp (B) P-value
Lower Upper
FIGO stage
 Stage 1 1 <.001
 Stage 2 3.350 1.918 5.852
 Stage 3 7.886 4.896 12.704
 Stage 4 10.021 5.810 17.284
Histological type
0.467
Borderline 1
Clear cell OVCA 1.130 0.479 2.667
Mucinous OVCA 1.695 0.767 3.744
Endometrioid OVCA 1.339 0.606 2.962
Serous OVCA 1.594 0.796 3.195
Undifferentiated OVCA 1.598 0.761 3.354
Other OVCA 3.180 0.960 10.533
Adjuvant therapy
 No 1 <.001
 Yes 0.361 0.240 0.541
HMGB1
 Low 1 0.006
 High 1.921 1.205 3.064
Abbreviations: CI=confidence interval; FIGO=International Federation of Gynecology and Obstetrics.
The analysis is based on a Cox multivariate regression model. P-values <0.05 are accepted to be significant.
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of this manuscript, the Reporting Recommendations for 
Tumor Marker Prognostic Studies (REMARK) criteria, were 
followed throughout the study [24].
Nottingham University Hospitals cohort (Primary)
The cohort comprises 194 consecutive cases of 
ovarian epithelial cancer treated at Nottingham University 
Hospitals from 2000 to 2007. Survival was calculated 
from the operation date until 1st of October 2012 when 
any remaining survivors were censored.
Derby City Hospital cohort (Validation)
The cohort consisted of 360 consecutive ovarian 
epithelial cancer cases treated at Derby City Hospitals 
between 1st January 1984 and 31st December 1997. Survival 
was calculated from the operation date until 31 November 
2005 when any remaining survivors were censored. The 
database was audited to ensure validity; there were no major 
discrepancies with over 97% of data available.
Tissue microarray and immunohistochemistry
Tissue microarrays were constructed as described 
previously [22, 23, 25]. Antibodies were optimised on 
full faced sections. Positive and negative (omission of the 
primary antibody and replacement with IgG-matched serum) 
controls were included in each run. Immunohistochemical 
staining was performed using a routine streptavidin–
biotin peroxidase method. Tissue-array sections were first 
deparaffinised with xylene, rehydrated through graded 
alcohol and immersed in methanol containing 0.3% (v/v) 
hydrogen peroxide for 20 minutes. Antigen retrieval was 
achieved by immersing sections in pH 6.0 citrate buffer and 
heated in an 800W microwave for 10 minutes at high power 
and 10 minutes at low power. Endogenous avidin/biotin 
binding was blocked (avidin/biotin blocking kit, Vector 
Labs, Peterborough, UK), followed by addition of 100 μl 
1:5 normal swine serum (NSS) to Phosphate buffered saline 
(PBS) for 15 minutes to block non-specific binding.
Sections were incubated with a Rabbit anti-
HMGB1 mAb (clone D3E5) (New England Biolabs, 
Hitchin, UK). After washing with PBS, sections were 
incubated with 100 μl of biotinylated goat anti-mouse/
rabbit immunoglobulin (Dako Ltd, Ely, UK) diluted 
1:100 in NSS, for 30 minutes, washed in TBS and 
incubated with 100 μl of pre-formed streptavidin–biotin/
horseradish peroxidase complex (Dako) for 60 minutes. 
Visualisation was achieved using 3,3′-diaminobenzidine 
tetra hydrochloride (DAB, Dako), and then lightly 
counterstained with haematoxylin (Dako), dehydrated in 
alcohol, cleared in xylene, and mounted with distyrene, 
plasticiser and xylene (DPX–BDH, Poole, UK).
Evaluation of staining
Tumour microarray cores were imaged using a 
NanoZoomer (Hamamatsu, Bridgewater, NJ, USA). Image 
analysis was semi-automated using Aperio ImageScope 
v11.2.0.780 software. The positive pixel count v9.1 
algorithm settings were modified to provide accurate calling 
of expression levels (Iwp(high) at 140, Iwp(Low)=Ip (High) 
at 103 and Ip (low)=Isp(High) at 75). The accuracy of these 
settings to correctly call expression levels was confirmed 
by two experienced observers in the analysis of TMAs. 
Tumours were assigned a modified Histo-score (H-score) 
and assessed for high, low or negative HMGB1 expression. 
Observers were blind to clinical and pathological 
parameters. X-TILE software was employed to determine 
cut point selection values to segregate tumours into high 
and low/absent expressing groups [26].
Statistical analysis
Statistical analysis was performed using SPSS20 
statistical software (SPSS Inc., Chicago, IL, USA). 
Pearson's χ2-tests and Fisher’s exact tests were used 
to determine the significance of associations between 
categorical variables. Survival rates were calculated 
using the Kaplan–Meier method; differences between 
survival curves were tested using the log-rank test. The 
Cox proportional-hazards model was used for multivariate 
analysis in order to calculate the Hazard ratios and 
independent significance of individual factors. In all 
cases two-sided P-values of <0.05 were considered as 
statistically significant.
Abbreviations
High-mobility group protein B1 (HMGB1), Toll-
like receptor (TLR), Signal transducer and activator of 
transcription 1 (STAT1), Federation of Obstetricians and 
Gynecologists (FIGO), Reporting Recommendations for 
Tumor Marker Prognostic Studies (REMARK), B-cell 
lymphoma-2 (Bcl-2), nuclear accumbens-1 (Nac-1), 
Tissue microarray (TMA), Monoclonal antibody (mAb), 
3,3′-diaminobenzidine tetra hydrochloride (DAB).
Author contributions
LRM and LGD designed research, LRM, PM, RM, 
CN performed research, SC, PM, SD and IS provided 
important reagents and clinical material. LRM, LGD, 
JMR, SC, JR and PM analysed data, LRM wrote the paper 
with contribution from all authors.
CONFLICTS OF INTEREST
The authors declare no potential conflicts of interest.
FUNDING
This work was funded in part by Nottingham 
Hospitals Charity via the charitable fund N0432
Oncotarget101222www.impactjournals.com/oncotarget
REFERENCES
1. Lowe KA, Chia VM, Taylor A, O’Malley C, Kelsh 
M, Mohamed M, Mowat FS, Goff B. An international 
assessment of ovarian cancer incidence and mortality. 
Gynecol Oncol. 2013; 130: 107–14. https://doi.org/10.1016/j.
ygyno.2013.03.026.
2. Kang R, Tang D, Loze MT, Zeh HJ. Apoptosis to autophagy 
switch triggered by the MHC class III-encoded receptor 
for advanced glycation endproducts (RAGE). Autophagy. 
2011; 7: 91–3. https://doi.org/10.1038/cdd.2009.149.
3. Sun X, Tang D. HMGB1-dependent and -independent 
autophagy. Autophagy. 2014; 10: 1873–6. https://doi.
org/10.4161/auto.32184.
4. Tang D, Kang R, Cheh CW, Livesey KM, Liang X, Schapiro 
NE, Benschop R, Sparvero LJ, Amoscato AA, Tracey KJ, 
Zeh HJ, Lotze MT. HMGB1 release and redox regulates 
autophagy and apoptosis in cancer cells. Oncogene. 2010; 
29: 5299–310. https://doi.org/10.1038/onc.2010.261.
5. Liu Y, Prasad R, Wilson SH. HMGB1: roles in base excision 
repair and related function. Biochim Biophys Acta. 1799: 
119–30. https://doi.org/10.1016/j.bbagrm.2009.11.008.
6. Yang S, Xu L, Yang T, Wang F. High-mobility group box-1 
and its role in angiogenesis. J Leukoc Biol. 2014; 95: 563–
74. https://doi.org/10.1189/jlb.0713412.
7. Yan W, Chang Y, Liang X, Cardinal JS, Huang H, Thorne 
SH, Monga SPS, Geller DA, Lotze MT, Tsung A. High-
mobility group box 1 activates caspase-1 and promotes 
hepatocellular carcinoma invasiveness and metastases. 
Hepatology. 2012; 55: 1863–75. https://doi.org/10.1002/
hep.25572.
8. Thomas JO, Travers AA. HMG1 and 2, and related 
“architectural” DNA-binding proteins. Trends Biochem 
Sci. 2001; 26: 167–74. https://doi.org/10.1016/S0968-0004 
(01)01801-1.
9. Hoppe G, Talcott KE, Bhattacharya SK, Crabb JW, Sears 
JE. Molecular basis for the redox control of nuclear 
transport of the structural chromatin protein Hmgb1. Exp 
Cell Res. 2006; 312: 3526–38. https://doi.org/10.1016/j.
yexcr.2006.07.020.
10. Kang R, Tang D, Schapiro NE, Loux T, Livesey KM, 
Billiar TR, Wang H, Van Houten B, Lotze MT, Zeh HJ. 
The HMGB1/RAGE inflammatory pathway promotes 
pancreatic tumor growth by regulating mitochondrial 
bioenergetics. Oncogene. 2014; 33: 567–77. https://doi.
org/10.1038/onc.2012.631.
11. Kang R, Zhang Q, Zeh HJ, Lotze MT, Tang D. HMGB1 in 
Cancer: Good, Bad, or Both? Clin Cancer Res. 2013; 19: 
4046–57. https://doi.org/10.1158/1078-0432.CCR-13-0495.
12. Tang D, Kang R, Livesey KM, Cheh CW, Farkas A, 
Loughran P, Hoppe G, Bianchi ME, Tracey KJ, Zeh HJ, 
Lotze MT. Endogenous HMGB1 regulates autophagy. J 
Cell Biol. 2010; 190: 881–92. https://doi.org/10.1083/
jcb.200911078.
13. Livesey KM, Kang R, Vernon P, Buchser W, Loughran P, 
Watkins SC, Zhang L, Manfredi JJ, Zeh HJ, Li L, Lotze 
MT, Tang D. p53/HMGB1 complexes regulate autophagy 
and apoptosis. Cancer Res. 2012; 72: 1996–2005. https://
doi.org/10.1158/0008-5472.CAN-11-2291.
14. Paek J, Lee M, Nam EJ, Kim SW, Kim YT. Clinical impact 
of high mobility group box 1 protein in epithelial ovarian 
cancer. Arch Gynecol Obstet. 2015. https://doi.org/10.1007/
s00404-015-3864-1.
15. Banerjee S, Kundu TK. The acidic C-terminal domain and 
A-box of HMGB-1 regulates p53-mediated transcription. 
Nucleic Acids Res. 2003; 31: 3236–47.
16. Uramoto H, Izumi H, Nagatani G, Ohmori H, Nagasue 
N, Ise T, Yoshida T, Yasumoto K, Kohno K. Physical 
interaction of tumour suppressor p53/p73 with CCAAT-
binding transcription factor 2 (CTF2) and differential 
regulation of human high-mobility group 1 (HMG1) gene 
expression. Biochem J. 2003; 371: 301–10. https://doi.
org/10.1042/BJ20021646.
17. Barreiro-Alonso A, Lamas-Maceiras M, Rodríguez-
Belmonte E, Vizoso-Vázquez Á, Quindós M, Cerdán 
ME. High Mobility Group B Proteins, Their Partners, 
and Other Redox Sensors in Ovarian and Prostate Cancer. 
Oxid Med Cell Longev. 2016; 2016: 1–17. https://doi.
org/10.1155/2016/5845061.
18. Tang Y, Zhao X, Antoine D, Xiao X, Wang H, Andersson U, 
Billiar TR, Tracey KJ, Lu B. Regulation of Posttranslational 
Modifications of HMGB1 During Immune Responses. 
Antioxid Redox Signal. 2016; 24: 620–34. https://doi.
org/10.1089/ars.2015.6409.
19. Zhang Y, Cheng Y, Ren X, Zhang L, Yap KL, Wu H, Patel 
R, Liu D, Qin ZH, Shih IM, Yang JM. NAC1 modulates 
sensitivity of ovarian cancer cells to cisplatin by altering the 
HMGB1-mediated autophagic response. Oncogene. 2012; 
31: 1055–64. https://doi.org/10.1038/onc.2011.290.
20. Zhang Y, Yang JW, Ren X, Yang JM. NAC1 and HMGB1 
enter a partnership for manipulating autophagy. Autophagy. 
2011; 7: 1557–8. https://doi.org/10.4161/auto.7.12.17910.
21. Li Y, Tian J, Fu X, Chen Y, Zhang W, Yao H, Hao Q. Serum 
high mobility group box protein 1 as a clinical marker for 
ovarian cancer. Neoplasma. 2014. https://doi.org/10.4149/
neo_2014_070.
22. Abdel-Fatah T, Sultana R, Abbotts R, Hawkes C, Seedhouse 
C, Chan S, Madhusudan S. Clinicopathological and 
functional significance of XRCC1 expression in ovarian 
cancer. Int J Cancer. 2013; 132: 2778–86. https://doi.
org/10.1002/ijc.27980.
23. Popple A, Durrant LG, Spendlove I, Rolland P, Scott IV, 
Deen S, Ramage JM. The chemokine, CXCL12, is an 
independent predictor of poor survival in ovarian cancer. 
Br J Cancer. 2012; 106: 1306–13. https://doi.org/10.1038/
bjc.2012.49.
24. McShane LM, Altman DG, Sauerbrei W, Taube SE, Gion 
M, Clark GM. REporting recommendations for tumor 
Oncotarget101223www.impactjournals.com/oncotarget
MARKer prognostic studies (REMARK). Nat Clin 
Pract Oncol. 2005; 2: 416–22. https://doi.org/10.1038/
ncponc0252.
25. Woolston CM, Deen S, Al-Attar A, Shehata M, Chan SY, 
Martin SG. Redox protein expression predicts progression-
free and overall survival in ovarian cancer patients 
treated with platinum-based chemotherapy. Free Radic 
Biol Med. 2010; 49: 1263–72. https://doi.org/10.1016/j.
freeradbiomed.2010.07.008.
26. Camp RL, Dolled-Filhart M, Rimm DL. X-tile: a new bio-
informatics tool for biomarker assessment and outcome-
based cut-point optimization. Clin Cancer Res. 2004; 10: 
7252–9. https://doi.org/10.1158/1078-0432.CCR-04-0713.
